Health services providers receive payments mostly from private or public insurers rather than patients. Provider incentive problems arise because an insurer misses information about the provider and patients, and has imperfect control over the provider's treatment, quality, and cost decisions. Different provider payment systems, such as prospective payment, capitation, cost reimbursement, fee-for-service, and value-based payment, generate different treatment quality and cost incentives. The important issue is that a payment system implements an efficient quality-cost outcome if and only if it makes the provider internalize the social benefits and costs of services. Thus, the internalization principle can be used to evaluate payment systems across different settings.
The most common payment systems are prospective payment, which pays a fixed price for service rendered, and cost reimbursement, which pays according to costs of service rendered. In a setting where the provider chooses health service quality and cost reduction effort, prospective payment satisfies the internalization principle but cost reimbursement does not. The reason is that prospective payment forces the provider to be responsible for cost, but cost reimbursement relieves the provider of the cost responsibility. Beyond this simple setting, the provider may select patients based on patients' cost heterogeneity. Then neither prospective payment nor cost reimbursement achieves efficient quality and cost incentives. A mixed system that combines prospective payment and cost reimbursement performs better than each of its components alone.
In general, the provider's preferences and available strategies determine if a payment system may achieve internalization. If the provider is altruistic toward patients, prospective payment can be adjusted to accommodate altruism when the provider's degree of altruism is known to the insurer. However, when the degree of altruism is unknown, even a mixed system may fail the internalization principle. Also, the internalization principle fails under prospective payment when the provider can upcode patient diagnoses for more favorable prices. Cost reimbursement attenuates the upcoding incentive. Finally, when the provider can choose many qualities, either prospective
Introduction
Incentives play a key role in a healthcare provider's quality and cost efficiencies. The market generally cannot be relied upon to deliver the required incentives due to health insurance covering much of consumers' health expenses, and missing information. An insurer, or a regulator, must design a payment system to deliver the correct incentives for a provider. Efficiency hinges on the payment system design.
A payment system compensates or rewards a provider based on some observed or verifiable outcomes. These payments can be based on the actual service cost, an episode of care, some information about quality and cost, and more. We will elucidate an internalization principle: a payment system achieves efficiency if and only if it manages to get the provider to internalize the social benefit and cost. We will show that the existing literature actually revolves around this principle, either when a payment system succeeds to conform to it, or when it fails.
The insurer would like the provider to serve a set of consumers. Let the variable q≥0 denote care quality. Consumers demand D(q) units of service when the care quality is q, with D being an increasing and concave function. The demand for health services also depends on copayments, deductibles, coinsurance rates, or their combinations. For now, we suppress these demand drivers. Let B(q) denote the social benefit at quality q, where B is increasing and concave. Generally, B is simply consumer surplus, but in specific cases, B may include externality, and such considerations as access and fairness. Again, social surplus B may depend on demand drivers, which are suppressed.
Besides quality, the provider also chooses a cost reduction effort e≥0. The unit cost for service at quality q and cost effort e is C(q,e). The function C is strictly increasing in q and strictly decreasing in e, and strictly convex. A higher care quality requires a higher unit cost, but cost effort can reduce it. In addition, the provider incurs a fixed cost or disutility due to quality and cost effort, denoted by H(q,e). The function H is strictly increasing and strictly convex. This basic technology and demand descriptions will be used throughout.
First Best
For a benchmark, let the insurer's objective be social welfare which is benefit less costs, (1) In the first best, the insurer directly chooses quality and cost effort to maximize social welfare (1). The first-best quality and cost effort (q*,e*) are characterized by the two firstorder conditions: (2) ( 3) where a prime denotes a derivative and subscribes denote partial derivatives. A higher care quality increases social benefit, the left-hand-side term of (2), but also raises demand, unit cost, and disutility, the right-hand-side terms of (2) . These two marginal effects are balanced in condition (2) . Next, a higher cost effort reduces unit cost, the left-B(q)−D(q)C(q,e)−H(q,e).
B'(q*)=D'(q*)C(q*,e*)+D(q*)Cq(q*,e*)+Hq(q*,e*) −D(q*)Ce(q*,e*)=He(q*,e*), hand-side term of (3), but raises disutility, the right-hand-side term of (3) . Again, these two effects are balanced in condition (3).
Incentives in Healthcare Payment Systems
The first best (q*,e*) is what the insurer would like to implement. 1 A payment system implements the first best or any other allocation if the system induces the provider to make zero profit and choose the quality and cost effort prescribed by that allocation.
Incentives and Internalization: Prospective Payment
In prospective payment, the provider receives a price p per unit of treatment, and a lumpsum transfer T, irrespective of the provider's quality, cost effort, or unit cost. In this section, we let quality and cost effort be the only choices available to the provider. When the provider chooses quality q and cost effort e, its profit is:
The insurer's objective is to choose the prospective price p and the transfer T to maximize social welfare. The provider must make a nonnegative profit, so the optimal transfer T* is set to make (4) equal to zero. The value of p influences the provider's choices of q and e to maximize profit. The following proposition is adapted from Ma (1994) .
Proposition 1: By choosingp*=B'(q*)D'(q*) and a suitable transfer T*, the insurer implements the first best.

Proof of Proposition 1:
The first-order derivative of (4) with respect to q is pD'(q) −D'(q)C(q,e)−D(q)Cq(q,e)−Hq(q,e). For the value of p* in the proposition, this first-order derivative vanishes at (q,e)=(q*,e*) because we have (2) at (q,e)=(q*,e*). Finally, the part of the profit function that involves cost effort e is the same as the part of social welfare that involves e. Hence, at (q,e)=(q*,e*), the derivative of the profit function with respect to e vanishes because of (3) . We conclude that the profit-maximizing quality and cost effort are first best.
The intuition is well documented in the literature. Under prospective payment, the provider fully internalizes the total cost D(q)C(q,e) +H(q,e), so its incentive on cost efficiency aligns with the insurer's. Now consider quality incentives. In the first best, the insurer chooses quality q* to balance the marginal quality cost, D'(q)C(q,e)+D(q)Cq(q,e)+Hq(q,e), and the marginal social quality benefit, B'(q), as depicted in the left panel of Figure 1 . Under T+pD(q)−D(q)C(q,e)−H(q,e).
PRINTED FROM the OXFORD RESEARCH ENCYCLOPEDIA, ECONOMICS AND FINANCE (oxfordre.com/economics). (c) Oxford University Press USA, 2019. All Rights Reserved. Personal use only; commercial use is strictly prohibited (for details see Privacy Policy and Legal Notice).
Subscriber: Boston University Libraries; date: 29 April 2019 prospective payment, the provider fully internalizes the marginal quality cost. The provider's marginal revenue from quality is pB'(q), which is generally different from the marginal social benefit B'(q). Consider an arbitrarily chosen prospective price, say p=1. This is unlikely to align the provider's private benefit and the social benefit. This is shown on the right panel of Figure 1 : at p=1, the marginal revenue D'(q) is below B'(q), so the profit-maximizing quality q1 is also below q*. However, by setting the prospective price at the value of p* in Proposition 1, the insurer makes sure that the provider's optimal quality choice internalizes the social benefit at the first-best level. The first best is thereby implemented. Any profit from the prospective payment is taxed away by the lump-sum transfer.
The proposition is the cornerstone of much of the literature. On the one hand, it clearly elucidates the internalization principle: if a provider can be made to internalize the social interest, it acts in the social interest. Prospective payment is an instrument for the internalization principle to work. On the other hand, the first-best implementation result above focuses only on quality and cost effort. In practice and in general, a provider has other strategic choices, and the insurer has to handle other issues. We now turn to these.
Selection and Efficiency Tradeoff
In this section, we expand the provider's choices to study selection. Unlike many firms that produce physical goods, a healthcare provider supplies services. Service costs may depend on patient characteristics such as medical history, comorbidity, age, and socioeconomic background. Selection refers to a provider's strategic reaction against heterogeneous patient service costs.
Dumping
For selection, we add diagnostic information to the model, similar to the approaches in Ma (1994) and Ma and Mak (2015) (but see , for a synthesis of early literature). We let the provider obtain a patient's diagnostic information, which is the random variable x on [0,1] with distribution F. Selection is captured by costs varying according to diagnostic information: a patient with diagnosis x has a treatment cost c(x;q,e) at care quality q and cost effort e, for some function c. Furthermore, as a matter of convention, higher values of x mean higher illness severities, so c(x;q,e) is strictly increasing in x, We can interpret the cost function in the last section as the expected service cost C(q,e)=∫01c(x;q,e)dF(x) when the provider serves all patients. We assume that the insurer would like patients with any diagnosis to be treated, so the first best remains unchanged.
Dumping refers to the provider refusing treatment to costly patients. At prospective price p, there may be a diagnosis x_ with c(x_;q,e)=p, so patients with diagnoses higher than x_ will cost more than p; to avoid losses, the provider dumps those with diagnoses x>x_. Under the assumption that the disutility or fixed cost from quality and cost effort is incurred before dumping happens, the provider's profit function becomes:
Here, at quality q the total demand is D(q), but only F(x_) of those demanding services have costs below p, so the provider makes p−c(x;q,e) for those with diagnosis x<x_. In contrast to the profit without dumping in (4), the provider avoids the loss D(q)∫x_1[p−c(x;q,e)]dF(x). Prospective payment cannot achieve the first best so it fails the internalization principle. 2 On the one hand, due to patient cost heterogeneity, dumping allows the provider to select more profitable cases. The effect on quality, however, cannot be easily determined. The provider does have an incentive for raising quality, attracting more demand, and then rejecting high-cost patients. On the other hand, the provider may reduce quality if quality predominantly attracts high-cost patients.
A number of papers find evidence of dumping under prospective payment, but the magnitude is generally small. The United States introduced the Medicare Prospective Payment System in 1983. Newhouse and Byrne (1988) find that the reduction in length of stay under the system was partly due to a shift of high-cost patients to hospitals exempted from the system. 3 In England, public and private facilities receive the same prospective price for the same procedure. Street, Sivey, Mason, Miraldo, and Siciliani (2010) find that both public and private specialized treatment centers serve less complex patients than public acute care hospitals.
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Creaming and Skimping
We next modify the standard model to consider creaming and skimping. Following Ellis (1998), we define creaming as over-provision of quality to low-cost patients, and skimping as under-provision of quality to high-cost patients. We assume that the insurer wants to provide uniform quality to all consumers, so the first best above remains the same. To focus on quality choices, we suppress dumping here.
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At the heart of creaming and skimping is quality discrimination, the provider setting quality according to patients' diagnostic information, say according to the function q(x). Creaming refers to q(x)>q*, and skimping refers to q(x)<q*. At the quality schedule q(x), patients with diagnosis x demand D(q(x)) units of service, and their cost is c(x;q(x),e), and the disutility or fixed cost H depends on the profile of qualities q(x). At prospective price p, the provider's profit function is: By pointwise optimization with respect to q(x), at an interior solution, the profitmaximizing quality at diagnosis x satisfies:
The left-hand-side term is the demand increment from raising quality multiplied by the price-cost margin, so it is quality q(x)'s marginal effect on profit. The right-hand-side term is the marginal quality cost. When x is small so the price-cost margin p−c(x;q*,e) is high, the provider can profit from raising q(x). This is creaming. Conversely, when x is large so the price-cost margin is low, the provider raises profit by reducing q(x) from q* to suppress service demand. This is skimping. The provider's profit-maximizing quality schedule seldom results in a constant quality schedule. Prospective payment fails the internalization principle when the provider can cream and skim patients.
The evidence on creaming and skimping is sparse. Frank and Lave (1989) provide one of the first studies based on variation in reimbursement methods across state Medicaid programs in the United States. They show that the use of prospective payment has increased length of hospital stay for healthier patients (creaming), and decreased length of stay for sicker patients (skimping).
Cost Reimbursement and Selection
Under cost reimbursement, the insurer reimburses the provider's actual service cost, c(x;q,e), which is now assumed to be ex post verifiable. The disutility or fixed cost is assumed to be either unobserved or noncontractible. It cannot therefore be directly reimbursed. However, the insurer may pay a margin m over the variable cost to cover its fixed cost or disutility. Clearly, when all variable cost c(x,q,e) is reimbursed, the provider has no incentive to incur cost effort, so e=0. Cost reimbursement fails internalization principle, so the first best cannot be implemented.
Selection incentives arise from cost heterogeneity. However, under cost reimbursement, these variations are of no consequence. When the margin m is positive, the provider has no incentive to dump patients. Furthermore, quality discrimination will not be used, again, because cost heterogeneity is of no consequence. The provider's profit function is simply T+mD(q)−H(q,e).
The difference between prospective payment and cost reimbursement is this. Prospective payment lets the provider internalize the cost when selection is absent. However, when cost heterogeneity leads to selection, the provider may practice dumping, creaming, and skimming, in order not to internalize all costs. Cost reimbursement results in muted cost incentives, but eliminates selection incentives. The insurer can still use the profit margin m to incentivize quality. 6 However, the quality incentives under cost reimbursement and prospective payment are generally not comparable.
A large empirical literature uses the U.S. Medicare hospital payment reform in 1983 to study the incentive properties of cost reimbursement and prospective payment (for a summary, see Table 7 of Cutler & Zeckhauser, 2000) . The literature finds that there is generally less selection under cost reimbursement, and that the average length of stay under cost reimbursement is about 25% longer. However, the effect of payment system change on average quality is ambiguous. 7 At the physician level, both McGuire (2000) and Léger (2008) review empirical studies that compare doctor behavior under the two payment systems. These studies show that treatment intensity is higher under cost reimbursement.
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Mixed Payments: Two-Part Tariffs
Prospective payment and cost reimbursement create different selection and cost effort incentives. Each payment system may not be completely consistent with the internalization principle. The literature has considered a combination of prospective payment and cost reimbursement, a so-called mixed system, to balance between selection and efficiency. 9 A mixed payment works similarly to a two-part tariff: it consists of a fixed price p and a cost share s, 0≤s≤1. For each service the provider supplies at cost c(x;q,e), the provider gets paid the price p and a fraction 1−s of the cost c(x;q,e). At s=1, the mixed system becomes pure prospective payment; at p≥s=0 it becomes pure cost reimbursement.
In the mixed system, without the dumping option, the provider's profit function is:
The mixed system will not entirely eliminate creaming and skimping. Cost heterogeneity is attenuated, but not erased, and an optimal quality schedule generally differs from the first-best quality. 10 The mixed system will not entirely eliminate dumping either. The provider bears the cost sc(x;q(x),e), and the prospective payment is p. Hence whenever the severity is so high that sc(x;q(x),e)>p, the patient is unprofitable.
In 1999, the Quebec government in Canada introduced an optional mixed payment system as an alternative to cost reimbursement. The switch corresponds to a higher s in our model. Dumont, Fortin, Jacquemet, and Shearer (2008) find that physicians who selfselected into the mixed payment system reduced their service volume by 6.15% but raised their average time spent per patient by 3.81%. These correspond to increases in both efficiency and quality in our framework. In a controlled laboratory environment where self-selection is muted, Brosig-Koch, Hennig-Schmidt, Kairies-Schwarz, and Wiesen (2017) show that both medical and nonmedical students overprovide services under cost reimbursement, underprovide services under prospective payment, and deviate the least from the patient-optimal quantity under mixed payment. 
Extensions Provider Altruism
Whereas the self-interest preference paradigm is standard in economics, the health economics literature has long recognized that healthcare providers are also interested in their patients' benefits (see, e.g., Arrow, 1963; Ellis & McGuire, 1986; and Chalkley & Malcomson, 1998A) . What are the implications of provider altruism on incentives and payment mechanisms? Fundamentally, we will show that the internalization principle remains valid.
We return to the basic model in section "INCENTIVES AND INTERNALIZATION:
PROSPECTIVE PAYMENT" where selection is omitted. We let an altruistic provider's utility be a weighted average of profit and social benefit. 12 The weight on profit is 1 and the weight on social benefit is a parameter α between 0 and 1. If the social benefit is B(q), the provider's altruistic benefit is αB(q). We call α the provider's degree of altruism. 13 The altruistic benefit does not count toward social welfare; neither can it be extracted by the insurer (Hammond, 1987; Milgrom, 1993) .
When the value of α is fixed, prospective payment may satisfy the internalization principle. Under prospective payment at price p and transfer T, the provider's objective function changes from (4) to: (6) where we have added the altruistic benefit αB(q) to profit. Because altruism does not interact with cost, the provider's cost incentive is aligned with the insurer's, as before. However, the altruistic benefit is now an additional quality incentive. To implement the first best, the insurer simply reduces the prospective price to: (7) which then satisfies the internalization principle.
According to (7), the higher the provider's degree of altruism, the lower the insurer sets the price. Indeed, intrinsic incentive (altruism) can substitute for extrinsic incentive (profit margin). 14 A lower price means a lower profit margin. The insurer may need to adjust the transfer to ensure that the provider makes a nonnegative profit: (8) which is increasing in α. Internalization relies on the price being tailored to the provider's degree of altruism. When the provider's degree of altruism is variable, its degree of altruism will likely be private information. In this case, the provider has an incentive to lie. 16 In fact, a number of papers in the literature has demonstrated that provider's altruism private information makes the first best impossible to implement. See Jack (2005) , Choné and Ma (2011) , and Liu and Ma (2013) .
Next, we turn to an altruistic provider's selection incentives. For a given p and T, suppose that a provider has a patient with cost c, it earns a profit p−c(q,e). Now the social benefit is B(q), and we assume that the altruism that can be attributed to this patient is the average benefit, αB(q)/D(q). Hence, dumping will be exercised when p−c(q,e)+αB(q)/ D(q)<0. Dumping then becomes less likely. Because the altruistic benefit is αB(q), it is increasing in quality. Hence, creaming and skimping will also be attenuated. There is even the potential for the provider to choose excessive quality.
Variations of provider quality, cost effort, and total service can be interpreted as consequences of provider altruism variations. For the same patient population, two providers with different degrees of altruism will not internalize the same social benefits and costs. Even complicated mixed payments may not implement the first best.
We have studied altruism in prospective payment for the sake of simplicity. In a model where the degree of altruism is commonly known, Ellis and McGuire (1986) show that mixed payment outperforms both prospective payment and cost reimbursement. In models where the degree of altruism is not known to the insurer, Jack (2005) derives the optimal separating mixed-payment mechanism, but Choné and Ma (2011) show that pooling contract can be optimal.
Empirically, Kolstad (2013) finds that surgeons' quality response to intrinsic incentives is four times larger than their response to profit incentives. In a laboratory experiment where medical students choose treatment quantities under different payment systems, Godager and Wiesen (2013) find substantial variations in subjects' altruism.
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Upcoding and Treatment Selection
In section "SELECTION AND EFFICIENCY TRADEOFF", inefficiency occurs because the self-interested provider is paid the same price for treating patients with different diagnoses. In practice, prospective prices are determined by the Diagnosis Related Groups (DRG) (or Healthcare Resource Groups (HRG) in the United Kingdom), a system that classifies care episodes according to the patients' diagnoses, treatments, and other characteristics. Each DRG determines a price for the provider. For example, a treatment for an episode of pneumonia without complications is one DRG, and a treatment for pneumonia with complication is another DRG. These two DRGs may carry different prices, say a low price for the one without complication, and a higher for the one with complication. Upcoding refers to a provider misreporting DRGs, and is possible because audits are seldom strict enough to deter manipulation. In the above example, if the provider misrepresents a case of pneumonia without complication as a case with complication, the provider stands to gain due to the higher price for pneumonia with complication. Upcoding invalidates the internalization principle. The optimal price for quality and cost effort for one illness is typically suboptimal for another illness. As in the case of altruism, upcoding may alleviate some problems with dumping because the provider upcodes to a higher price. The effect of upcoding on quality incentive is ambiguous, but unlikely to be welfare neutral.
Since the U.S. Medicare has adopted the DRG system in the 1980s, many diagnosis groups have been refined according to treatment intensity in order to reduce cost heterogeneity within each DRG. For example, a primary disease diagnosis can been split into two diagnosis groups: one for patients receiving surgery and another for patients receiving medicine. Treatment selection refers to a provider picking more profitable treatments for the same illness. In the above example, when surgery and medicine are both effective, a provider may profit by selecting to treat by surgery because the surgery DRG price is higher than medicine.
Malcomson (2005) derives the insurer's optimal prices under treatment selection. He shows that it is generally optimal to set up DRGs according to treatments. However, the optimal price system accommodates some inefficient treatment choices in order to economize on total provider payment. Hafsteinsdottir and Siciliani (2010) show that refining DRGs according to treatments may be suboptimal when DRG prices are set according to average treatment costs.
18
Medicare eliminated patient age in the DRG descriptions in 1988. This generated price changes for 43% of Medicare admissions. Dafny (2005) finds that hospitals responded by upcoding patients to more profitable diagnoses, without changing admission volume, quality, or intensity of treatment. Silverman and Skinner (2004) also show that between 1989 and 1996, the share of the most generous DRGs for pneumonia and respiratory infections rose by 10% to 37% among hospitals with different profit statuses. 19 Gilman (2000) studies the impacts of a DRG refinement by Medicaid in 1994. He finds that the refinement lowers the average severities of both high-price and low-price DRGs, which correspond to treatment selection and dumping, respectively.
Provider Limited Capacity and Quality Incentive
In Proposition 1, the prospective price p*=B'(q*)D'(q*) fulfills the internalization principle for the first best. The implicit assumption is that the provider has the capacity to fulfill higher demand when quality is raised. However, when capacity, say X, is limited, then for some quality q, demand may be larger than capacity, X<D(q). Prospective payment cannot make the provider internalize social benefit because the limited capacity prevents the provider to reap the profit from higher demand. Chalkley and Malcomson (1998B) show that prospective payment can be enriched to restore the internalization principle. The distinction between consumers' demand and the number of consumers that are served is the key. The optimal mechanism pays the provider a lump sum and a fixed price per unit of service provided, as before. The mechanism then adds a payment based on the number of patients who demand services. This extra payment preserves quality incentive when the provider's capacity is reached. Any quality increase affects demand, which results in extra payment to the provider. The additional incentive allows prospective payment to fulfill the internalization principle.
Multiple Qualities and Information Disclosure
In the basic model, we have considered healthcare quality generally, so it can be regarded as a single general index for the plethora of qualities. How must a payment system deal with incentives for many quality dimensions such as clinical processes, treatment outcomes, patient experiences, and safety? In this subsection, we first show that prospective payment fails to generate the incentive for the efficient quality profile. We then present a remedy. Information disclosure may complement either prospective payment or cost reimbursement for efficiency. Ma and Mak (2015) incorporate multiple qualities into the model in section "FIRST BEST". Suppose that the treatment has two qualities, qA and qB. The notation for demand, social benefit, unit cost, and disutility naturally become D(qA,qB), B(qA,qB), C(qA,qB,e), and H(qA,qB,e). The respective concavity and convexity assumptions are maintained.
The social welfare is now:
The first-best qualities and cost effort that maximize social welfare, (qA*,qB*,e*), are given by the first-order conditions accordingly. The provider's profit under prospective payment is:
The provider continues to internalize cost under prospective payment. However, each quality contributes to profit differently: the first-order derivatives of (10) with respect to qA and qB are:
where, again, subscripts denote partial derivatives. The first-order derivative of social welfare (9) with respect to qualities are: B(qA,qB)−D(qA,qB)C(qA,qB,e)−H(qA,qB,e).
T+pD(qA,qB)−D(qA,qB)C(qA,qB,e)−H(qA,qB,e).
[p−C(qA,qB,e)]Dqj(qA,qB)−D(qA,qB)Cqj(qA,qB,e)−Hqj(qA,qB,e),j=A,B, Bqj(qA,qB)−C(qA,qB,e)Dqj(qA,qB)−D(qA,qB)Cqj(qA,qB,e)−Hqj(qA,qB,e),j=A,B.
PRINTED If the first-best qualities are implemented by a single prospective, we must have:
For a given prospective price p, each quality contributes differently to the provider's profit. For a given social benefit function B, each quality also contributes differently to social welfare. The requirement in (11) can be written as BqA(qA,qB)BqB(qA,qB)=DqA(qA,qB)DqB(qA,qB), which says that the marginal rates of substitution between qualities must be identical in the social benefit and in consumers' valuation functions. Any divergence will violate (11).
One single prospective price generally cannot align the provider's multiple-quality incentives. Generally, prospective payment cannot satisfy the internalization principle. Ma and Mak (2015) propose that correct quality incentives can be implemented when quality information is made available to consumers through the insurer. In the construction, a quality index Q=θqA+(1−θ)qB, where θ and 1−θ are, respectively, the weights on qualities qA and qB, is reported to consumers. The weights can be used to realign the marginal-rate-of-substitution divergence through consumers' response toward the quality index.
Information disclosure can be used together with cost reimbursement. Ma and Mak (2015) present such a system. The insurer discloses to consumers a value index, which is a weighted average of qualities and cost efficiency. The index is V=θAqA+θBqB+ (1−θA−θB)[K−C(qA,qB,e)], where θA and θB are weights on qualities and K is a unit-cost benchmark, so K−C measures cost reduction. The value index gives information about qualities, but is also affected by cost effort. The provider's optimal way to achieve a value index, therefore, includes positive cost effort-even though cost is fully reimbursed. Because cost reimbursement also eliminates patient-selection incentive, the optimal combination of value index and cost reimbursement can achieve the first best even when selection is possible. 20 We have maintained the assumption that healthcare qualities are not contractible by the insurer. Eggleston (2005) studies the optimal design of provider payment when only one of two qualities, say qA, is contractible. In her model, there is no demand response, the provider is partially altruistic, and the unit costs of two qualities are separable. She shows that performance pay on qA causes the provider to raise qA and lower qB, the multi-tasking problem identified in Holmstrom and Milgrom (1991) . However, the insurer can partially restore the incentive for qB by lowering the provider's cost share. This result illustrates the importance of balancing incentives across qualities in provider payment design. The literature has considered other aspects of pay for performance in healthcare. For a comprehensive survey, we refer readers to the article by Luigi Siciliani in this Encyclopedia.
p=BqA(qA,qB)DqA(qA,qB)=BqB(qA,qB)DqB(qA,qB). 
Diagnostic Information and Treatment Choice as Quality
In the basic model, diagnosis is costless and perfectly accurate. In practice, diagnosis decisions often precede treatment choices. Diagnostic information accuracy is part of the overall quality. Costly diagnosis generates social benefit by matching patient severity with the appropriate treatment intensity. It is, however, difficult to incentivize diagnostic effort. This is especially so when the provider who diagnoses also supplies the service. The provider may prefer a more expensive, more intense treatment, so shirk on diagnosis effort. 21 Of course, the incentive misalignment can be mitigated by having the diagnosis and treatment done by different providers. This, however, may not allow the insurer to exploit economies of scope. Jelovac (2001) derives the optimal provider payment when diagnosis and treatment cannot be separated. Her main result is a version of the internalization principle: the provider internalizes the benefit of diagnosis only if there is a supply-side cost share on treatment expense.
Besides diagnosis, matching patients to appropriate treatments counts as quality care. In addition to being cost ineffective, mismatch can also cause harm to the patient. In Liu and Ma (2013) , the first best is defined by matching patient to treatment according to severity and intensity. In subsection "UPCODING AND TREATMENT SELECTION", we observe that the DRG system generates inefficient treatment selection. Liu and Ma (2013) show that a mixed payment can achieve the first best in this setting. This is because the provider does not fully internalize the patient's treatment benefits. Therefore, the firstbest matching requires the provider to internalize some, but not all treatment costs. Pflum (2015) incorporates diagnosis decisions and provider competition into the matching problem. He shows that a mixed payment is again necessary (but not always sufficient) for efficiency.
Payment Incentives and Interactions
We have focused on bilateral insurer-provider interactions. Generally, a provider interacts with others. There are four kinds of such interactions. First, the provider interacts with patients. Our use of a demand as a function of the provider's quality is a simplification. Second, the provider may have to coordinate care with other providers who may have contracted with the same insurer. Third, the provider may have to interact with multiple insurers. Fourth, the provider may compete with other providers in the market place. This last issue on competition in the health market is dealt with in other articles in this Encyclopedia, so we will discuss only the first three.
Provider-Patient Interaction
In our basic model, the provider chooses treatment quality q, which, in turn, determines demand D(q). But in practice, treatment intensity and other clinical decisions are often made by provider and patient jointly, and patient choices are affected by demand drivers such as consumer cost sharing. The complete study of physician-patient interaction is beyond the scope of this article. 22 However, the main issues still illustrate the internalization principle. Ellis and McGuire (1990) , Ma and McGuire (1997) , and Ma and Riordan (2002) contain different models of provider interacting with patients. All papers consider the optimal combinations of provider cost sharing (in the mixed payment system) and consumer cost sharing (such as copayment, deductible, and coinsurance). In the simpler models in Ellis and McGuire (1990) and Ma and Riordan (2002) , the altruism utility in subsection "PROVIDER ALTRUISM" is reinterpreted as a reduced form of provider-patient interaction. Hence, the provider's objective function is a weighted average of profit and patient's welfare. In both papers, treatment intensity is jointly determined by the provider and patient, and internalization principle can be extended to accommodate the joint decision. In both models, the insurer uses combinations of provider and consumer cost sharing to realign the two parties' incentives for efficiency. 23 However, both papers show that when the provider gives little weight to patient welfare, provider cost sharing alone is sufficient for efficiency.
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In Ma and McGuire (1997) , the interaction is more complex. The patient is actively making a decision about treatment intensity, as a response against the provider's quality decision. Health treatment efficiency relies on both provider-quality and patient-intensity decisions. Moreover, the provider and patient may jointly misreport treatment intensity, which provider payment and consumer copayment are based on. Ma and McGuire (1997) show that both provider payment and patient copayment must be carefully designed to align the interrelated incentives for quality, intensity, and reporting.
Interaction Among Providers
In subsection "DIAGNOSTIC INFORMATION AND TREATMENT CHOICE AS QUALITY", we have discussed matching patients with different illness severities to different treatment protocols. Often different providers are responsible for different treatments. The prime example is the different roles played by a general practitioner and a specialist. An insurer may contract with many different providers, so different incentives may be offered to generalists and specialists. Referral is generally the process through which a patient is transferred from one provider to another. 25 In most countries, referrals involve no monetary transfers between providers-even if they both have contracts with the same insurer. A generalist who has a higher cost share has a stronger incentive to refer (Allard, Jelovac, & Léger, 2011; Iversen & Lurås, 2000) . Because the generalist does not internalize the specialist's treatment cost, referrals without monetary transfers fail to achieve efficiency. 26 How is the internalization principle to be applied to guide incentives? The complex relationship between providers calls for an organizational approach. For efficiency, the set of providers who coordinate care must internalize benefits and costs. In recent years, we have seen such an approach in bundled payments to public and private Accountable Care Organizations (ACO). 27 In ACO programs, quality, cost, and coordination incentives are delegated to a group of providers who form an organization to serve a large group of health plan enrollees (say, at least 5,000).
A risk-adjusted capitation payment is the incentive mechanism for internalization. 28 Under a fixed payment, an ACO internalizes the total cost of care. It then incentivizes appropriate treatment choices and care coordination among providers by such financial and nonfinancial instruments as utilization-review and referral protocols, and linking individual provider's remuneration to quality and cost benchmarks. 29 ACO programs are evolving, but some evidence suggests that they have achieved small cost savings (Song et al., 2012; McWilliams, Hatfield, Chernew, Landon, & Schwartz, 2016) .
Provider integration may be efficiency enhancing or deteriorating. Epstein, Ketcham, and Nicholson (2010) provide an example in which an organization improves obstetrical care. They find that high-risk patients in group practices are matched with specialists more often than patients of solo physicians, and the better match improves patients' health outcome. However, provider integration can also increase market power, and so mute quality and cost incentives. Baker, Bundorf, and Kessler (2016) find that Medicare patients are more likely to choose a low-quality, high-cost hospital when their physician's practice is owned by the hospital. The joint design of provider payment and organization is an important direction for future research.
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Providers also compete with one another. Mak (2018) shows that a version of the internalization principle holds when heterogeneous providers compete by qualities. When consumers can choose among different providers for services, efficiency requires both providers and consumers to internalize their respective service costs and benefits. Therefore, the insurer has to set provider payment and consumer copayment policies jointly. Competition also requires that the optimal provider payment to adjust according to the intensity of competition and market structure.
Interaction Among Providers and Insurers
We have focused on a single insurer's payment design. Many providers contract with many public and private insurers. In this situation, a provider is a common agent of multiple payers. 31 A single provider's payment may have little effect on a provider's quality and cost incentives, and payers may design payment systems strategically. In the common agency framework, Ma and McGuire (1993) , and Glazer and McGuire (2002) show that a public insurer can free-ride on private insurers' quality incentives by offering low prices. 32 Frandsen, Powell, and Rebitzer (2017) show that the reliance on cost reimbursement among private insurers can be a result of coordination failures under common agency. In recent years, the Center for Medicare and Medicaid Services has launched and participated in a number of initiatives to align payment mechanisms (Rajkumar, Conway, & Tavenner, 2014 
Conclusion
The health market is complex. As Arrow (1963) has argued, the complexity stems from consumers' unobserved health states. However, insurance is still used to smooth consumers' income fluctuations due to medical expenses. Because consumers pay partial medical expenses, the insurer must set payments to providers. This chapter has laid out issues of payment incentives.
The broad perspective is the internalization principle. Efficiency obtains when the provider is made to internalize the insurer's concern on quality and cost. We compare the pros and cons of the common prospective payment and cost reimbursement mechanisms.
Other complications such as dumping, creaming, and skimping call for combinations of prospective payment and cost reimbursement. The internalization principle may also be used to evaluate other systems such as valued-based pricing, and information disclosure. It may also shed light on efficiency properties of new innovations such as consumer accessible information technology, genetic tests and services, and personalized medicine.
